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RESEARCH MEMORANDUM

PRELIMINARY RESULTS OF NATURAL ICING .

OF AN AXIAL-FLOW TURBOJET ENGINEi

By Loren W. Acker

FWd Propulsion Research mboratory
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A flight investigation is beiq conducted in natural Lea con-
dzLtion6 to determins the effect of ice formations m the perfozmance
of an z3Jr.ial-flow  turbojet engine. c!nefli&twasmdeinicingcon-
d.itzLons,in which the icing rate varfed from 5.1 to 2.1 inches per hour.
Duringapariod of 45mlmtes inicing,the t&l-pipe teqperatum
increasedfrcm7f3loto1065oFmdthe  jetthrustdecreasedfram1234
to 910 pounds. Ice penetrated to me secoti-stage  stator blades.

No general conclusiczm  can be reached from these data because
-the icing cotitionwas relatively light.

An investieatfon in natural icing canditiom is being con-
ductedatf&e NACAClevelandlabmtoryto  determine the effect&
fee formtianon-&e~ormnce of an axial-flow turbojet engine.
Datapresentedwere obt&nedduringone  fLLghtatanen@ne  speed
of 9000 rpb !T!his engine speed wae chosen because of the low-
operating U-pipe tmrpezyvture. AddItional data aze Imine; ob-
at higher engine speeds and other icing conditione.

me MC-2 ~bojet~waslnormteaonafour-e~~er,
x+hlch w-a.8 prwfded tit% anti-icing equ%pnmnt for the wUgc3, the tail
f3urfaces,  a& i&e popellers. Agenemlviewof~ein&allationis
shown in figure 1. A close-up view of the engins in&allation  ie
shown in figure 2. Ihe turbojet engtne used for this iwestigation
has a lo-stage axial-flow ccmpessor, a two-stage turbine, ard an
azumJar coIubust1on chaniber. 'Ihe operatic characteristica of the
engineare a8 fall-:
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-~nespeed.~....'. . . . . . . . . . . . . 12,000
Cruieingenginespeed,rpm . . . . . . . . . . . . . . . . ll,OOO
static-thrustrating,polmds . . . . . . . . . . . . . . . . 2800
MSLltumtail-pipe  tenlgeratme.~ . . . . . . . . . . . . . . . 1220

Zns~titionwasprovldsdatthe  colqpressor outlet for cal-
culation of ccmgwessar  efficiency and at the tail-pipe outlet for
calculations of air flow and thrust. Interstage  static pressures
were provided to determine l&e pressure distrTbutionthrou@;b the
lo-stage cxxqwessor.

Photographs&kenaf~tI~eicingfl.i&tsre  showninfigure  3.
Afrmttiewof theicefomationonthe  engins inlet& tie starter
housing is shown in figure 3(a). 'Ihe degree of ice accumulation on
tie en@ne inlet is Micated in figure 3(b). Ice accmmil.ation on
the inlet guide vanes is shown in figure 3(c). Visml inspection
of the inlet idicated tdmt ice had accumrt7wted on the first-stags
statar blades (fig. 3(c)), the second-stage stator blades, and the
first-stage rotor blades. 'Ihe ice fomatlononthefirst-stags
rotorbladee~sconcentratedatther~ngedge~wasapproxi-
mtelly L/8 inch thick. 'Ihe ice formation on the secoti-stage  stator
bladeswasalsoconc~~~at~eleadingede;e~~sapproxi-
mat&y l/32 inch thick and rather spmadic.

Ewpecfion of the compessor rotor and stator blades revealed
no damage to either from ice throw-off.

Zhe effect of the ice foxma-Krm on the engfne thrust and tail-
pipetempemtureia  shouninfigure  4 as a functionoftime  inthe
icing condition. 'Ihe enginewa.6 operated at a speed of 9000rpmin
sn icing condition few approximately 1 hour. M&s data were
takenbefore the icing cloudwas snteredandpsricdicallyduring
tie enwunterwith the icing condition. At tie end of 45 mimtis,
the engine thrusthad decreassdfroan1234 to 910 pamds, areducticm
ofapproximatsly26psrcent. After 45 Wnutes, the tail-pipe tem-
peraturehadreacheditg mzcdmm rise f%nn 761° to 30650 F. At
4hie pointdtmingtie encounter, the tail-pipe Mqperaturs appssred
to stabilize. 2&e greatestdecreaseinthrustsnd  increase in
tail-pipe tmgeratureappesmd tooccur inthe firstl5mImates
of the enoounter.

A tims history of the icizq conditions  encountered is given in
figure 5,which shows therate of i&n&free-air tenqerature,drop
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size, and liquid-water cc&e&. IIhe‘icirrg  m&e varied fYom 5.1 to
2.1 inches per hour. f&e free-air fangera- and the drop size
showedagradusl imrease durIngthe mounter. !I% liquid-water
cantentwsshi~estdur~~efirst15minutes,  reachinga-
value of 0.38 gra;m per cubic meter sd d-r-sing t0 a-t@
0.17 gcmpezcubicmeterdmIngther8msinhg 45 mirrutes.

No general conclu8ionf3  can be rea&sdFraaathesedatgLbecause
~eicingco~itionewererelativelyli~tand  occmzedatan
average free-stream knprature cmly about loo below the Freezing
point. 'Ihe ~uctf~ofheattbrou&l&e  engine paxts.sndtie
imgacttenqeraturerise  ontherotarbladesresuXedinelemted
blade-surface  tqperatures ard Infdnctzed the effect of IcAng on
engine Perp-e. It ia believed at at lower free-stream tern--
peraturestheeffectone&nepeHommm ewouldbemaresevere.
'These datawere obtained atsn engine speedof 9ooorpandno
EmgLne shutdcrwn was required. ~th88&nshadb88n~eratedat
a speed ofl2,OOOrp~ however, areductioninengins speedxould
have been IrEm&%-.

'Ihefo~aTingIW&tsW8X'8  obtaWedwithanszLsJ.-flowiambo-
j8t8Il@MfZ'OBlW3  iCing8llCOUtlt8~  ti~~iCi~CCdikbIl%
tithasicingreLtethatvariedfrm5.lto  2.l inch8sp8r hour:

1. 2he u-pip8 temperature inCI'saeedfrUIL7610to 1065OF
duringeLnicSngperiod  of45minutss.

2. lIh8 engine jet thrust decreased Finn 1234 to 910 pouds
durztngthissmepericd..

3. 1C8 fCElt&iOne penSkated to 43.L8 SeCOlld-StS@ rotor blades.

ELI&b Bopulsion Research Iaboratmy,
ExtionalAdtisorgCou0zItteefarA0ronautics,

Cleveland, mo.
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Figure 2. - Cloaeap of axial-flow turbojet engine mounted on teat alr-
Plslled.
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(a) Tront vfev of ice formtlon on engine inlet and starter hansing.

Figure 3. - Ice formation on axial-flw  turbojet engine.
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(b) side view of ice Pormatioa on engine inlet.
Figure 3. - c0ntmea. Ice forlustion on axial-flow turbojet ezlglm.
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(c) 1~9 0n m9t guide VLME (ice 0n d.fteer housing rei7k2vea).

Figure 3. - c0nc1llded. Ice fomstian on ax&l-flow turbojet engine. w
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Figure 4. - Bfieot of timb in icing aondition on engine jet
thrust and tail-pips tempeeature at engine speed of 9000 rpm.



16 N A C A  R M  N o .  E8Cl8

4
i.
fi
is

8
iyY5ip
ga;sl!u2!L
fE
EC

2s

20

I.3

10

.40

.30

.20

.lO

1 I I I I I I I I I I

D---N, 0

0 10 20 30 40 so f
Time in icing, min

Figure 5. - Time hietory of doing oondftion encountered.
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